Thermal inactivation curves of Aspergillus niger spores and mycelia in phosphate-citrate buffer were studied.
While the thermal inactivation of microorganisms generally follows a first-order model (Bailey and Ollis, 1986; Stumbo, 1973) , we can often observe a shoulder at the beginning of a thermal process and a tail after an accelerated decline in the inactivation curve of an organism. These features are observed not only for bacteria but also for molds and yeasts (Bhaduri et al ., 1991; Cerf, 1977; King et al., 1979; Komemushi and Terui, 1967; Stumbo, 1973; Toda , 1970) . Molds often contaminate food products, but the thermal inactivation kinetics for mold spores have been little studied . The tailing in an inactivation curve for mold spores is often striking compared with the curves for bacteria and their spores. It is difficult to completely inactivate mold spores in foods by pasteurization , even if they have a D value shorter (a sensitivity to heat higher) than bacterial cells.
Recently we studied the thermal inactivation kinetics of Aspergillus niger spores (conidia) and found that thermal inactivation curves of spores at constant temperatures could be described with a thermotolerant subpopulation (TTSP) model (Fujikawa and Itoh, 1996) . In this study, we further studied the thermal inactivation kinetics of A. niger spores at various pHs and salt concentrations. 
Spores of an A. niger strain ATCC 200930, a strain studied previously, were prepared and suspended in phosphate-citrate (PC) buffer (Fujikawa and Itoh, 1996) . Spores were also heated in the same manner as in the previous study (Fujikawa and Itoh, 1996) .
Thermal inactivation curves of A. niger spores were studied at various pHs of 4.0-9.0 of PC buffer (Fig.1) . The spores were most thermoresistant at pH 5.0, followed by pHs 4.0 and 6.0 and then pHs 7.0-9.0. For pHs 7.0-9.0 there were no remarkable differences in the inactivation curves. For bacteria, Clostridium botulinum and Bacillus subtilis spores are less thermoresistant in a menstruum of decreasing pH (Condon et al., 1989; Hutton et al., 1991) . The inactivation curves of A. niger spores were well described by the TTSP model (Fig.1) . The parameter values of the model estimated for those curves successfully characterized the inactivation patterns (Table 1) . The period encompassing the shoulder, which was expressed as td, was longest at pH 5.0, but shorter and almost the same at other pHs. The k2 value was lowest at pH 5.0 and highest at pH 7.0-9.0. The ratio of p was highest at pH 5.0 and lowest at pH 7.0-9.0. The tail portions at pH 4.0 -9.0 were all horizontal; thus the values of k1 were zero.
Thermal inactivation curves of A. niger spores were then studied at various salt (sodium chloride) concentrations (0-0.7 M) supplemented in the PC buffer ( Fig. 2) . At higher salt concentrations the spores were more thermoresistant. This was also seen in the thermal inactivation of Listeria monocytogenes (Cole et al., 1993) or in the inactivation of Escherichia coli by microwave heating (Fujikawa et al., 1992) . The TTSP model also described those inactivation curves ( Fig. 2) and the parameter values of the model characterized the inactivation curves ( Table 2 ) . The k2 value was smaller at higher salt concentrations. The duration of td was longer at higher salt concentrations (with the exception of 0.3 M salt) . Proportion p was greater at higher salt concentrations (0.5 and 0.7 M) . The tail portions of the thermal inactivation curves between 0-0.7 M salt were all horizontal; thus k1 values were zero. At salt concentrations higher than 0.7 M , the initial number of unheated control spores was significantly smaller than that of the unheated control without salt. Thus, it was meaningless to conduct studies at salt concentrations higher than 0. 
